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PERSPECTIVES ON WHERE MATERIALS 
ARE GOING 
MATERIALS SCIENCE AND ENGINEERING FOR THE 1 9 9 0 ~ ~  
MAINTAINING COMPETITIVENESS IN THE AGE OF MATERIALS. 
National Research Council, National Academy Press, Washington 
D.C. -8989 
M. F. Ashby, "TECHNOLOGY OF THE 1990s: ADVANCED MATERIALS 
AND PREDICTIVE DESIGN", Phil. Trans. R. Soc. Lond. A 322, 
393-407 (1 987) 
E. L. Langer, "EVOLUTION OF ADVANCED MATERIALS IN A CHANGING 
WORLD", International Conference on Evolution of Advanced Materials, 
AIMIASM, Milano Italy, May 31-June 2,1989 
IMPACT OF MATERIALS 
IN -1982, DAMAGES DUE TO MATERIAL FAILURE W EWE GREATER 
THAN $200 BILLION ANNUALLY - THIS APPROACHES THE ANNUAL 
FEDERAL DEFICIT. (M. Cohen in Advanced Materials Research, 
NASINAE, 1987) 
COMPETITIVENESS AND QUALITY OF LIFE IN THIS DECADE AND 
21st CENTURY WILL DEPEND UPON ADVANCES IN MATERIALS. 
(paraphrase of R. Chianelli, MRS Bulletin, August, 1990) 
LEADERS IN MATERIALS TECHNOLOGY WILL DOMlNATE THlE 
MARKETPLACE IN THE 21st CENTURY. (Panel discussion at int'l 
Symp. Basic Technologies for Future Industries, Kobe, Japan, March 
1989) 

COMMODITY METALS AND PLASTICS HAVE PASSED 
DEMAND PEAK AND USAGE IS DECLINING 
COMMODITY PLASTICS 
STAINLESS STE 
SUPERALLOYS 
SPECIALTY METALS 
ENG. PLASTICS 
ADVANCED PMCs 
STRUCTURAL 
CERAMICS 
HEAVY RAPID GROWTH 
R&D 
GROWTH 
GROWTH malturing=GDP < GDP 
THERE IS A CHANGE IN BASIC MATERIAL USE 
SUBSTITUTION OF ONE MATERIAL FOR ANOTHER HAS SLOWED 
WE. GROWTH OF DEMAND FOR PARTICULAR MATERIALS 
DESIGN CHANGES WAVE INCREASED THE EFFICIENCY OF 
MAlrERlALS USE 
SATURATION OF MARKETS WHICH WERE PREVIOUSLY EXPANDING 
HAS OCCURRED 
LOW MATERIALS CONTENT IN PRODUCTS FOR NEW MARKETS, 
PARlTLY BECAUSE OF THE COST OF HIGHER PERFORMANCE 
MATERIALS 
MARKET DEMAND IS NOW LIGHTER, STRONGER, MORE 
DURABLE MATERIALS 
Desired Characteristic Aero. Auto Bio Chem. Elec. Energy Metal Teie. 
Light 1 strong 
High temp resist. 
Corrosion resist. 
Efficient processing 
Near-net-shape 
Prediction of life 
Prediction of propertie 
Materials data bases 
(Materials Science and Engineering for the 1990s) 
MODERN MATERIALS 50X HIGHER 
GTH-TO-DENSITY RATIO THAN CAST IRON 
Aramid & 
Wood, Bronze Cast 
1800 1900 2000 
YEAR 
MODERN MATERIALS ENABLE HIGHER 
ENGINE OPERATING TEMPERATURES 
Air-cooled 
1900 1940 1980 
YEAR 
ERlALS ENABLED EXPONENTIAL INCREASE 
N CUTTING TOOL SPEED 
1900 
YEAR 
THE PORTFOLIO OF ADVANCED MATERIALS 
STRUCTURAL CERAMICS ARE LEADING 
CANDIDATES FOR MANY APPLICATIONS 
Based primarily 
CERAMICS on natural raw 
materials of clay 
Inorganic, nonmetallic and silicates 
 material:^ processed 
ADVANCED* 
Include artificial 
raw materials, 
exhibit specialized 
properties, require 
more sophisticated 
processing 
THE APPEAL OF STRUCTURAL CERAMICS IS EASY TO 
UNDERSTAND 
High temp resist. 
Corrosion resist. 
Efficient processing 
Prediction of life 
Prediction of properties 
Light with compressive strength > or = metals 
Withstand extreme temperatures 
Chemicaily inert, hard, abrasion resistzsnt 
BUT REALiZING THESE PROPERTIES 
REQUIRES A LEVEL OF MICROSTRUCTURAL 
AND CHEMICAL PERFECTION FAR BEYOND 
THAT OF TRADITIONAL CERAMICS 
STRUCTURAL CERAMICS ARE A 
RESULT OF A FEW KEY DEVELOPMENTS 
TRADITIONAL + DEVELOPMENT = ADVANCED 
MATERlFaLS 
ANALYSIS 
PROCESSING 
PREPARATION 
MICROSCOPY 
PROCESSING 
I & PROPERTIES 
SOPHISTICATED MICROSCOPY ALLOWS DETERMINATION OF MlCROSTRUCTUREE 
ORIGiNRL ;i;-";",f?aI 
B U C K  AND WHITE PHOTOG2AFld 
MECHANICAL PROPERTIES CAN BE DETERMINED AT THE MICROSTRUCTURAL 
LEVEL 
18 ORIGINAL PAGE 
BLACK AND WHITE PHOTOGRAPCI 
TENSILE TESTER-SPECIALIZED EQUIPMENT FOR DETERMINING CERAMIC 
MECHANICAL PROPERTIES 
19 Q R ~ G A ~ X P  b j y - l  - f m  1 4 r 9 s L  :-,4u,-- 
BLACK AND WH!T% PHOTOGgBIPH 
TENSILE TESTER-FULL VIEW 
; ;RlGlNAL P,4GE 
BLACK AND WHlTE PHOTOGRAPH 
ADVANCES IN CERAMICS BE BASED ON ATOMISTIC 
MODELING, TAILORED MICROSTRUCTURE AND 
SOPHISTICATED PROCESSING 

MICROSTRUCTURE TAILORING & NOVEL 
COMPOSITE DESIGN ADDRESS INHERENT BRITTLENESS 
OF CERAMICS 
COMPARED TO METALS WITH TYPICAL FRACTURE TOUGHNESS OF 15-200 
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FIBER-REINFORCED CERAMIC COMPOSIITES 
HAVE BEEN FABRICATED USING A FORCED 
CHEMICAL VAPOR INFILTRATION PROCIESS 
GRAPHITE 
H O L D E R -  
-FIBROUS 
PREFORM 
INFILTRATED 
COMPOSITE J '-WATER COOLED SURFACE 
REACTANT 
GASES 
<\F;; ,y: \ :qy- 
I.,#. *...- P.461F 
BLACK ARG %/i i 'TE PHOTCGRAPW 
EXPERIMENTAL RESULTS SHOW MODIFICATION OF MATRIX/ WHISKER 
INTERFACE IMPROVES COMPOSITE TOUGHNESS 
t 
STRESS 
STRAIN- 
TOUGH, CONTINUOUS-FIBER CERAMIC COMPOSITE 
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MICROWAVE SlNTERlNG HAS SIGNIFICANT IMPLICATIONS 
FOR NEW MATERIALS APPLlGATlONS 
TEMPERATURE (06) 
0 
Zr%-8& 9b\82G3 
- 
Accelerated Kinetics: 
- Sintering occurs at lower 
temperatures 
Significant Potential Benefits 
- Lower temperature processing 
- Finer microstructures 
- BeRer mechanical properties 
Advanced Materials Applications: 
- Composites from incompatible 
materials 
- Self-lubricating high-temperature 
bearings 
- Electrical materials 
- Engine componerlls 
1 1 0 0  IXX) 1300 (400 
TEMPERATURE 
MICROWAVE FACILIN FOR DENS1 WING CERAMICS 

MICROSTRUCTURE MODIFICATION SIGNIFICANTLY 
IMPROVES CREEP RESISTANCE 
TIME (h) 
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EmENDED VEHlCLE TESTING OF VALVE TRAIN COMPOI\BEINTS 

SUMMARY 
SPECIALIZED, TECHNOLOGY-INTENSIVE, HIGH-VALUE-ADDED 
ADVANCED CERAMICS ARE MOVING TOWARD COMMERCIALOZA610NATION 
TO FILL THE DEMAND FOR LIGHTER, STRONGER, MORE 
CORROSION RESISTANT MATERlALS 
ADVANCEMENTS WILL RELY MORE AND MORE ON PROCESSING 
AND MODELING FROM THE ATOMIC SCALE UP WHlCH IS MADE 
POSSlBLE BY ADVANCED ANALYTIC, COMPUTER, AND PROCESSING 
TECHNIQUES 
SPECIALIZED PROPERTIES AND HIGHER COST WILL PROVIDE E38TH 
NEW OPPORTUNITIES AND CHALLENGES TO DESIGNERS AND 
END-USERS 
* MORE RIGOROUS DEFINITION OF COMPONENT REQUIRIEMENTS 
* COMPONENT REDESIGN TO ACCOMMODATE BRITTLE BEHAVIOR 
* SYSTEM REDESIGN TO MAKE FULL USE OF NEW MATERIALS 
CLOSER COUPLING BETWEEN DESIGNERS AND MATERIALS 
DEVELOPERS 
